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(54) Title: METHOD OF PRODUCING RIB PLASMA FOR DISPLAY PANEL SUBSTRATE 

(57) Abstract: A method of producing a rib for a plasma 
display panel substrate, which comprises the steps of: (a) 
partially filling a groove portion of a mold with a first photo- 
sensitive glass -ceramic paste selected from a photosensitive 
black glass-ceramic paste and a photosensitive white glass- 
ceramic paste, and curing the paste by irradiating with radi- 
ation; (b) supplying a second photosensitive glass-ceramic 
paste, which is different from the first photosensitive glass -ceramic paste, selected from the photosensitive black glass -ceramic paste 
and the photosensitive white glass-ceramic paste, on a glass base, and laminating the mold with the glass base through the second 
paste to form a laminate; (c) irradiating the laminate with radiation to form a rib precursor molded article composed of two white 
and black layers; (d) removing the mold from the glass base and the rib precursor molded article to transfer the rib precursor molded 
article to the glass base; and (e) sintering the rib precursor molded article to form a rib formed integrally on the glass base. 
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METHOD OF PRODUCING RIB FOR PLASMA DISPLAY PANEL SUBSTRATE 

« 

Technical Field 

The present invention relates to a method of producing a plasma display panel 
(hereinafter also referred to as "PDP", merely) substrate and,, more particularly, to a 

■ 

method of producing a rib for PDP substrate, capable of providing an image having high 
brightness and high contrast to PDR 

Background 

Various developments have recently been made intensively in the field of a 
display device capable of displaying a large image and having thin thickness. Among 
them, it is particularly expected to develop PDR Generally, PDP is equipped with a PDP 
substrate and the PDP substrate is composed of a pair of glass flat panels (glass bases) 
facing each other at a distance via ribs each having a predetermined dimension (also 
referred to as a barrier rib, bulkhead or barrier). In the PDP substrate with such a 
constitution, space between a pair of glass panels is partitioned in an air-tight manner to 
form a plurality of discharge display cells capable of containing a gas such as neon, 
helium or xenone as a discharge gas. In the substrate with the above constitution, a panel 
at the displayed image place side is referred to as a "front panel u , while a panel at the 
opposite side is referred to as a "back panel", generally. These front panel and back panel 
. are generically referred to as a "base". 

Technical problems of PDP include a displayed image having high bright and high 
contrast. In case where the rib on the back panel is white, light emitted from a 
fluorescent material due to discharge of the above-described rare gas is reflected at the rib 
so that it is effective to an increase in brightness. However, reflection of external light on 
the rib top (front panel side) exerts a harmful influence on the black color display portion, 
thereby making it impossible to form a black display with a sufficient concentration, and 
contrast of display is reduced. 

As a measure for simultaneously satisfying both requirements of high brightness 
and high contrast, Unexamined Patent Publication (Kokai) No. 10-321143 has suggested 
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a structure wherein colored patterns for respective luminescent colors are formed on a 
front panel at the position corresponding to the luminescent colors and black strips are 
provided at the position on the front panel made in contact with rib top portions as a 
boundary of the colored patterns. However, there was such a drawback that the steps are 
complicated, because the black strips etc. with high size-accuracy must be formed on the 
front panel and ribs of the front panel and those of the back panel must be positioned 
accurately. 

Unexamined Patent Publication (Kokai) No. 10-172442 discloses a substrate for 
plasma display panel comprising a glass base and a rib (bulkhead) formed on the glass 
base, wherein the rib top portion is black and the rib bottom portion is white or 
transparent. That is, lowering of the contrast is prevented by inhibiting external light 
reflection from the rib top portion and lowering of the brightness due to absorption of 
emitted light is inhibited by whitening the bottom portion. According to the above 
publication, a screen printing method and photolithography method are employed as a 
method of forming a bulkhead of such a substrate for plasma display. These methods 
have such drawbacks that a drying step is required before coating the next layer on the 
coated layer and the time loss is large. The screen printing method had such a problem 
that the size and shape accuracy are poor, while the photolithograpy methods has such a 
problem that a developing step is required for patterning, as well as plural coating and 
exposure steps. 

Problems to be Solved by the Invention 

An object of the present invention is to provide a method of forming a rib having 
an effective structure to realize PDP having high brightness and high contrast on a glass 
base in a manner which is more simple and accurate than conventional manners. 

Means for Solving the Problems 

According to the present invention, there is provided a method of producing a rib 
for a plasma display panel substrate, which comprises the steps of: 

(a) partially filling a groove portion of a mold with a first photosensitive glass- 

» 
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ceramic paste selected from a photosensitive black glass-ceramic paste and a 
photosensitive white glass-ceramic paste, and curing the paste by irradiating with 
radiation; 

(b) supplying a second photosensitive glass-ceramic paste, which is different from 
the first photosensitive glass-ceramic paste, selected from the photosensitive black glass- 

ceramic paste and the photosensitive white glass-ceramic paste, on a glass base, and 

> 

laminating the mold with the glass base through the second paste to form a laminate; 

(c) irradiating the laminate with radiation to form a rib precursor molded article 
composed of two white and black layers; 

(d) removing the mold from the glass base and the rib precursor molded article to 
transfer the rib precursor molded article to the glass base; and 

(e) sintering the rib precursor molded article to form a rib formed integrally on the 
glass base. 

Such a method does not require any drying step and can conduct a production 
process within a very short time because the first paste with which the mold was filled 
can be solidified by curing. Since the rib is formed by partially filling the groove portion 
of the mold previously with the first photosensitive paste and filling the same mold with 
the second paste, the accuracy of the size and shape of the rib is as high as on formation 
of the rib with a single color. Furthermore, since the groove portion of the mold is 
partially filled with the first photosensitive paste, previously, and then the same mold is 
filled with the second paste, neither positioning of the rib white portion with rib black 
portion, nor positioning of the rib white portion with black portion colored on the front 

i 

panel, which was required in the prior art, is required. Therefore, the rib for PDP 
substrate with high brightness and high contrast can be obtained in a simple and accurate 
manner. In the present specification, the glass flat pate at the display surface side of the 
PDP substrate is referred to as a "front panel", while the glass panel at the opposite side is 
referred to as a "back panel". Furthermore, these front panel and back panel are 
generically referred to as a "base" or a "glass base". 

Mode for Carrying Out the Invention 
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The present invention will be described by way of the following embodiments but 
is not limited thereto, as is apparent to a person with ordinary skill. 

The rib in the present invention can be formed by sintering a rib precursor molded 
article obtained by curing a photosensitive glass-ceramic paste capable of curing by 
radiation (for example, ultraviolet light, electron beam or visible light). The rib precursor 
molded article is composed of two layers, e.g. a layer of a cured photosensitive black 
glass-ceramic paste and a layer of cured photosensitive white glass-ceramic paste. The 
rib composed of two black and white layers obtained by sintering is formed in the form of 
a base with a rib, which is integrally attached to one of bases of the back panel and front 
panel. When the rib is integrally formed on the back panel, the rib formed by the present 
invention is composed of a black layer as a top layer and a white layer as a bottom layer. 
When the rib is integrally formed on the front panel, the rib is composed of a white layer 
as a top layer and a black layer as a bottom layer. That is, the PDP substrate comprises a 
black layer at the display surface side and a white layer at the back panel side. With such 
a constitution, external light reflection at the display surface side is inhibited and 
absorption of light emitted frojn the fluorescent material on light emission due to the rib 
is inhibited, thus attaining high contrast and high brightness. 

The photosensitive glass-ceramic paste basically contains a ceramic component, a 
glass component and a curable binder component. The ceramic component serves to 
afford a predetermined shape to the rib and is a powdered or granular inorganic oxide or a 
mixture thereof. On the other hand, the glass component is usually in a powdered or 
granular form, and basically serves to fill the space between the ceramic components 
thereby to afford a dense structure to the rib and to further enhance the strength of the rib. 

i 

The black and white photosensitive glass-ceramic pastes are not specifically limited as far 
as they can form a rib composed of black and white layers after sintering. For example, 
black and white ceramic components or glass components are selected. The component 
having a white color includes, but is not limited to, alumina, titania and. low-melting glass 
fiber. The component having a black color includes oxides of metals such as ruthenium 
(Ru), manganese (Mn), nickel (Ni), chromium (Cr), iron (Fe), cobalt (Co) and copper 
(Cu). The commercially available glass-ceramic component for forming the black paste 
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includes RFB-030 manufactured by Asahi Glass Co., Ltd. as a mixed powder, of lead 
glass and ceramic (copper oxide and chromium oxide), while the commercially available 
glass-ceramic component for forming the white paste includes RFW-030 manufactured 
by Asahi Glass Co., Ltd. as a mixed powder of lead glass and ceramic (alumina and 
titania). 

The glass component may be any glass suited for rib formation. Examples thereof 
include low-melting glass containing lead oxide as a principal component. However, 
such a glass generally has a large refractive index. Therefore, it is difficult to cure the 
photosensitive glass-ceramic paste by radiation. The glass component preferably has the 
same thermal expansion coefficient as that of a conventional glass base at the sintering 
temperature so as not to cause defects such as crack, breakage and chap on sintering. 
From such a point of view, a glass component comprising 70 to 95 wt% of phosphorous 
oxide (P2O5) and zinc oxide (ZnO), as a principal component, and further comprising 0.3 
to 10 mol% of aluminum oxide (A1 2 0 3 ), 0 to 5 mol% of barium oxide (BaO), 0 to 3 
mol% of iron oxide (Fe 2 03), 40 to 55 mol% of phosphorous oxide (P2O5), 0 to 5 mol% of 
silicon oxide (SiQ 2 ), 30 to 55 mol% of zinc oxide (ZnO), 0 to 3 mol% of tin oxide (SnO), 
0 to 5 mol% of calcium oxide (CaO), 0 to 5 mol% of magnesium oxide (MgO), 0 to 5 
mol% of strontium oxide (SrO), 0 to 5mol% of boron oxide (B 2 0 3 ), and 0 to 5 mol% of 
sodium oxide (Na 2 0). The glass component having such a composition has a softening 
point of 450 to 570 0 C, which is lower than that of a soda-lime glass having an annealing 
point of 550 0 C and that of a high-distortion point glass having an annealing point of 
620 °C. Further, refractive index of the glass component is no more than 1.6, which is 
relatively low. As a result, radiation curing of the paste is easy. Further, even when this 
glass component flows by being heated together with the glass flat panel, to fill the space 
between the ceramic components, thermal deformation of the glass flat panel is 
prevented. 

The ceramic component is usually an inorganic oxide or a mixture thereof, and 
suitable inorganic oxide component includes, for example, aluminum oxide (alumina), 
silicon dioxide, titanium oxide (titania) and wollastonite. Such an inorganic oxide 
component can afford a high strength to the resulting rib because of its high hardness. In 
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the production of the black paste, an attention must be paid so that the paste is not 
excessively whitened by the above inorganic oxide. 

Preferred curable binder component for forming the photosensitive paste includes, 
but is not limited, to bisphenol A diglycidyl ether (meth)acrylic acid adduct, Epolite 1 600 
acrylic acid adduct, Epolite 3002 acrylic acid adduct, ethylene glycol dimethacrylate, 
diethylene glycol dimethacrylate or triethylene glycol dimethacrylate, or a mixture 
thereof. These binder components are cured by irradiating with radiations such as 
ultraviolet light, electron beam and visible light, thereby making it possible to form a 
polymer compound having a network, and the ceramic component is uniformly contained 
and retained in the network. A curing initiator is usually used to cure the binder 

4 

component. In case where the binder component is made of a mixture of a bisphenol A 
diglycidyl ether methacrylic acid adduct and triethylene glycol dimethacrylate, it is 
possible to afford a sufficient strength to a rib precursor molded article after curing and to 

* 

remove the resulting molded article without causing chap on sintering. 

In case where the binder component is made of a silane coupling agent having a 
(meth)acrylic group, a network, which contains and retains the ceramic component, can 
be formed by silicon dioxide having a comparatively high melting point after sintering. 
Such a network is substantially maintained even when heated unless the temperature 
reaches the melting point of silicon dioxide. Accordingly, a change in volume of the rib 
does not occur substantially before and after sintering and the degree of the change is 
i small, if any. Preferred binder component of the silane coupling agent includes, for 
example, y-methacryloxypropylmethyltrimethoxysilane, y- 

methacryloxypropylmethyldimethoxysilane, y-methacryloxypropyltriethoxysilane and y- 
methacryloxypropylmethyldiethoxysilane in view of availability, each of which has a 
molecular weight of 232 to 290. In case where the above-described composition contains 
the binder component of the silane coupling agent, mineral acids such as hydrochloric 
acid and nitric acid may be further contained, if necessary. The mineral acid contributes 
to hydrolysis of the silane coupling agent, thereby making it possible to convert this 
composition into a sol. The composition converted into the sol is not gelled by drying, 
thereby making it possible to disperse the ceramic component and glass component. 
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The binder component used in the present invention is not limited to those 
described above, and may be those which are not sensitive to radiations, such as 
cellulose-based polymer, polystyrene, butadiene-styrene copolymer, polyamide or 
polyether. Such a binder component is usually used in the state of being dissolved in a 
volatile solvent. 

The binder component preferably has a burn-off temperature lower than the 
softening point of the glass component. In such case, it is possible to avoid incorporating 
a residual binder component in the rib after sintering by burning . off the binder 
component at a temperature higher than the burn-off temperature of the binder 
component and lower than the softening temperature of the glass component, and then 
sintering the rib precursor molded article at a temperature no less than softening 
temperature of the glass component. Accordingly, gas evolution due to the residual 
binder component which is not preferred to plasma discharge can be inhibited. 

It is preferred that an oxidizing catalyst is further contained in the photosensitive 
paste containing the above-described binder component. Such an oxidizing catalyst is 
usually made of oxides, salts or complexes of chromium (Cr), manganese (Mn), iron 
(Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), indium (In), tin (Sn), ruthenium 
(Ru), rhodium (Rh), palladium (Pd), silver(Ag), iridium (Ir), platinum (Pt), gold (Au) or 
cerium (Ce), and can reduce energy (temperature) required to burn-off of the binder 
component. As described above, to avoid remaining a binder component in the rib, 
sintering temperature must be higher than the burn-off temperature of the binder 
component. Thus, due to the reduction of the burn-off temperature of the binder 
component, a temperature required for sintering is lowered. Such a reduction in sintering 
temperature can effectively inhibit thermal deformation (e.g. warpage, deflection or 
shrinkage) of the glass panel. Further, since a glass component having a relatively low 
softening point can be used, the selectivity of a glass component is wider. However, in 
the white paste, an attention must be paid so that the paste is not excessively colored by 
the above oxidizing catalyst. 

In case where the composition for forming a rib contains the above-described 
silane coupling agent as the binder component, mineral acids such as hydrochloric acid 
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and nitric acid may be further contained. The mineral acid can convert the composition 
into a sol by hydrolysis of the silane coupling agent. The sol is not gelled even if this 
composition is dried, thereby making it possible to disperse the inorganic component 
composed of the ceramic component and glass component. The viscosity does not 
depend on the amount of water. 

The glass base can be a base used generally in a PDP substrate and is preferably 
made of a commercially available soda-lime glass. 

Production of the rib for PDP substrate will now be described in detail with 
reference to Fig. 1 . Fig. 1 is a flow sheet showing the steps of producing the substrate for 
PDP in order. The embodiment wherein the glass base is a back panel will be described 
below, but the glass base can also be a front panel. In such a case, the following 
photosensitive black glass-ceramic paste is replaced by the photosensitive white glass- 
ceramic paste, while the photosensitive white glass-ceramic paste is replaced by the 
photosensitive black glass-ceramic paste. 

First, as shown in Fig. 1(A), a mold 1 having a groove portion 6 corresponding Jo 
the shape of a rib of a PDP substrate is prepared. The mold 1 is preferably obtained by 
molding a curable component, for example, an acrylic monomer or oligomer such as 
urethane acrylate, polyester acrylate or polyether acrylate, or a monomer or oligomer of 
styrene, and radiation polymerizing in the presence of a curing initiator. The resulting 
mold 1 does not require cutting on production thereof The above-described radiation 
polymerization proceeds comparatively quickly. Thus, the mold 1 can be easily obtained 
in a short time. The groove portion 6 of the mold 1 is partially filled with the 
photosensitive black glass-ceramic paste 2, and then the paste is cured by irradiation of 
radiation. 

Subsequently, as shown in Fig. 1(B), the photosensitive white glass-ceramic paste 
is supplied on the back panel 12 on which an address electrode 20 has previously been 
formed in a stripe form, and then the mold 1 and back panel 12 are laminated with each 
other through the paste 3 after accurate positioning to form a laminate. In case where the 
mold 1 is made of a curable component as described above, the pliability is imparted. In 
such case, as shown in Fig. 1(B), the mold 1 can be made contact with the paste 3 from 
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one end of the back panel 12 by deflecting the mold 1 . Accordingly, an air between the 
back panel 12 and paste 3 is efficiently removed out of the exterior and infiltration of the 
air into the paste 3 is also avoided. As shown in Figs. 1(B) and (C), the protruding 
. portions of the mold 1 and back panel 12 are preferably laminated each other at a fixed 
distance. Consequently, a dielectric layer is formed on the address electrode 20 and the 
address electrode 20 is coated, thereby making it possible to prolong lifetime of PDP due 
to inhibition of sputtering of the address electrode 20. 

After the back panel 12 and the mold 1 containing a cured black paste 2 are 
laminated with each other through the white paste 3, the white paste 3 is irradiated with 
light (hv), thereby to cure the binder component due to polymerization. As shown in Fig. 
1(C), a rib precursor molded article 4 is obtained. In this case, the polymerization is 
basically conducted only by radiation and does not require heat management whose 
control is difficult, in principle. 

In case where the mold 1 is made of the above-described curable component, it 
becomes transparent. Accordingly, irradiation can be conducted simultaneously via not 
only the back panel 12 but also the mold 1 . That is, irradiation with light can be 
conducted from both surfaces. In such case, the black paste 2, which exists in the depths 
of the groove portion 6, is cured more certainly and the uncured binder component is not 
remained at the free end of the rib precursor molded article 4. Furthermore, substantially 
uniform mechanical strength is afforded to the rib precursor molded article 4. 

Subsequently, as shown in Fig. 1(D), the mold 1 is removed from the back panel 
12 and rib precursor molded article 4 and the rib precursor molded article 4 is removed 
from the mold 1 while transferring the rib precursor molded article 4 integrally to the 
back panel 12. In case where the mold 1 is made of the curable component as described 
above, the mold has a lower hardness than that of general glass or ceramic. When the 
mold 1 is removed from the base, breakage of the rib and base can be avoided. As a 
result, the mold 1 can be used repeatedly without being washed. 

Then, both of the rib precursor molded article 4 and back panel 12 are put in a 
sintering oven (not shown) and sintered at 350 to 600 °C to obtain a back panel with a rib. 
Not shown in the drawing, the rib and back panel 12 are then cooled. At this time, if the 
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back panel 12 and rib do not have substantially the same thermal expansion coefficient, 
degree of shrinkage is not the same and, therefore, defects such as crack are introduced 
into the rib 16 or the back panel 12 is bent in the protruding form. When the oxidizing 
catalyst is contained in the paste as described above, it becomes possible to sintering the 
molded article 4 at a comparatively low temperature. 

Not shown in the drawing, a transparent front panel, on which a bus electrode has 
previously been formed, can be disposed to face with the back panel via a rib a 
fluorescent layer after a fluorescent layer was formed between ribs on the back panel. 
Furthermore, the peripheral portions of the front panel and back panel may be sealed in 
an air-tight manner by using a sealing material, thereby forming a discharge display cell 
between the front panel and back panel. After evacuating the discharge display cell, a 
discharge gas may be introduced into the discharge cell to make a PDP substrate. 

The curing initiator of the above-described mold 1 is not specifically limited, but 
preferably has an absorption edge at a wavelength shorter than that of the curing initiator 
to be added in the binder component. In such case, the curing initiator in the mold 1 can 
not absorb radiation having a wavelength longer than that of the absorption edge. To the 
contrary, the curing agent of the binder component can" absorb such radiation. As a result, 
even if the unreacted curing component is remained in the mold 1, the irradiation of 
radiation having the above-described wavelength does not cause radiation polymerization 
simultaneously with the binder component, thereby avoiding close adhesion between the 
mold 1 and rib precursor molded article 4. Accordingly, such removal can be easily 
conducted without causing breakage of the back panel 12 or rib precursor molded article 
4 or its free end, resulting in residue in the mold 1 . The term "absorption edge" used in 
the present specification refers to a portion of wavelength wherein an absorbency in a 
continuous absorption spectrum of radiation rapidly decreases when the wavelength 
becomes longer than said wavelength, resulting in substantially transparent state. 

The mold 1 may be subjected to antistatic finish to reduce the surface resistance. 
In such case, even if dusts charged on the periphery of the mold 1 float, its adhesion can 
be inhibited. As a result, defects to be introduced into the rib can be reduced. It becomes 
unnecessary to prevent dusts from adhering by specially storing the mold 1 in a clean 
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room. It substantially becomes unnecessary to remove dusts from the mold before use of 
the mold 1 . That is, handling of the mold becomes simple, which leads to an 
improvement in productivity. The antistatic finish of the mold 1 can be accomplished, for 
example, by dispersing a colorless medium of propylene carbonate, lactone or ethylene 
glycol or a derivative thereof, and an ionic conductive substance which can be ionized by 
dissolution into the medium, such as lithium perchlorate. 

A partially exploded perspective view of Fig. 2 schematically shows one 
embodiment of the PDP substrate produced by using the rib formed by the method 
according to the present invention. A PDP substrate 10 is used for so-called a.c. PDP 
substrate, but is also applied to a d.c. PDP substrate. The PDP substrate 10 is equipped 
with transparent glass flat panels which are facing each other at a distance, i.e. a back 
panel 12 and a front panel 14. The back panel 12 and front panel 14 are preferably made 
of easily available soda-lime glass. Between the back panel 12 and front panel 14, plural 
ribs 1 6 having a predetermined size are provided to partition the space between them, 
thereby making it possible to form a plurality of discharge display cells 1 8. In each 
discharge display cell 18, an address electrode 20 is provided on the back panel 12 along 
the rib 16. On the front panel 14, a transparent bus electrode 22 made of an indium tin 
oxide (ITO) is provided vertically to the rib 16. In addition, a discharge gas such as neon, 
helium, xenone or the like is contained between the address electrode 20 and bus 
electrode 22, thereby making it possible to emit light by discharge. On the back panel 12 
and address electrode 20, a dielectric layer 21 made as described above is provided. On 

* 

each address electrode 20, a fluorescent layer 24 is provided in a predetermined order, 
thereby making it possible to perform color display. Also on the front panel 1 4 and bus 
electrode 22, a transparent dielectric layer 26 is provided, if necessary. The address 
electrode 20 and bus electrode 22 are coated with the dielectric layers 21 and 26, thereby 
making it possible to prolong lifetime of PDP by inhibition of sputtering of the address 
electrode 20 and bus electrode 22. 

Examples 

The present invention will now be described in detail with reference to the 
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examples. The following examples axe not construed as limiting in any way the present 

invention. 

Example 

As a raw material for mold, a curable resin solution prepared by containing 1 wt% 

of Darocure 1 173 (2-hydroxy-2-methyl-l-phenyl-propan-l-one) manufactured by Ciba- 

Gigy Co. as a initiator in Photomer 6010 (aliphatic urethane acrylate oligomer) 

* 

manufactured by Henkel Co. was used. This solution was cured by irradiation with UV 
having a wavelength of 200 to 450 nm for 30 seconds, using a UV light source 
manufactured by Ushio Co., Ltd. to make a mold. 

A black photosensitive glass-ceramic paste was prepared by mixing a mixture of 
10 g of a bisphenol A glycidyl ether methacrylic acid adduct (manufactured by Kyoeisha 
Chemical Co., Ltd.) and 10 g of triethylene glycol dimethacrylate (manufactured by 
Wako Pure Chemical Industries, Ltd.) as a curable resin, 20 g of 1,3-butanediol 
(manufactured by Wako Pure Chemical Industries, Ltd.) and 10 g of acetone 
(manufactured by Wako Pure Chemical Industries, Ltd.) as a diluent, 0.1 g of Irgacure 
819 [bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, manufactured by Ciba-Gigy 
Co.] as a curing initiator, 0.2 g of so-called POCA (phosphate propoxylalkyl polyol) as a 
surfactant, and 150 g of a mixed powder of lead glass and ceramic (PFB-030, 
manufactured by Asahi Glass Co., Ltd.) as a solid. ' 

A white photosensitive glass-ceramic paste was prepared by mixing a mixture of 
10 g of a bisphenol A glycidyl ether methacrylic acid adduct (manufactured by Kyoeisha 
Chemical Co., Ltd.) and 1 0 g of triethylene glycol dimethacrylate (manufactured by 
Wako Pure Chemical Industries, Ltd.) as a curable resin, 20 g of 1,3-butanediol 
(manufactured by Wako Pure Chemical Industries, Ltd.) as a diluent, 0.1 g of Irgacure 
819 [bis(2,4,6-trimethylbenzoyl)-phenylphosphine oxide, manufactured by Ciba-Gigy 
Co.] as a curing initiator, 0.2 g of so-called POCA (phosphate propoxylalkyl polyol) as a 
surfactant, and 150 g of a mixed powder of lead glass and ceramic (PFB-030, 
manufactured by Asahi Glass Co., Ltd.) as a solid. 

The groove portion of the mold was partially filled with the black photosensitive 
glass-ceramic paste. On filling, a soft paper was used to wipe off excess paste. The mold 
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filled with the black paste was cured by irradiated with light having a wavelength of 400 
to 500 nm (fluorescent lamp manufactured by Philip Co.) for one minute. The white 
photosensitive glass-ceramic paste was coated on a glass base, and then the mold filled 
with the cured black paste and glass base were laminated with each other. The resulting 
laminate was irradiated with light having a wavelength of 400 to 500 nm (fluorescent 
lamp manufactured by Philip Co.) for three minutes. Finally, the mold was removed 
from the glass base, thus making it possible to form a rib precursor molded article 
composed of a black upper portion and a white lower portion on the glass base. 
Furthermore, the rib precursor molded article was sintering with heating to 550 °C, thus 
making it possible to form a rib composed of a black upper portion and a white lower 
portion. 

Comparative Example 

The same mold for rib and glass-ceramic pastes as those in the example were 
used. In the same manner as in the example, a mold was filled with a black paste. After 
the mold with the paste was allowed to stand at room temperature for 1 5 minutes, a white 
paste was coated on a glass base, and then the mold and glass base were laminated with 
each other. 'After the resulting laminate was irradiated with light having a wavelength of 
400 to 500 nm for three minutes, the mold was removed from the glass base. In this case, 
the black paste was mixed with the white paste, thus making it impossible to form a rib 
composed of a black upper portion and a white lower portion on the glass base. 

Effect of the Invention 

According to the present invention, a rib for PDP substrate having high brightness 
and high contrast can be produced in a short time, and the size and shape of the resulting 
rib for PDP substrate have high accuracy. In the production process of the PDP substrate, 
a complicated operation such as positioning of a rib white portion and a rib black portion 
is not required. 
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Brief Description of the Drawings 

Fig. 1 is a flow sheet showing the steps of producing the rib for PDP substrate in 

order. 

Fig. 2 is a partially exploded perspective view showing schematically one 
embodiment of a PDP substrate using the rib for PDP substrate according to the present 
invention. 
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WE CLAIM: 

1 . A method of producing a rib for a plasma display panel substrate, which 
comprises the steps of: 

(a) partially filling a groove portion of a mold with a first photosensitive glass- 
ceramic paste selected from a photosensitive black glass-ceramic paste and a 
photosensitive white glass-ceramic paste, and curing the paste by irradiating with 
radiation; 

* 

(b) supplying a second photosensitive glass-ceramic paste, which is different from 
the first photosensitive glass-ceramic paste, selected from the photosensitive black glass- 
ceramic paste and the photosensitive white glass-ceramic paste, on a glass base, and 
laminating the mold with the glass base through the second paste to form a laminate; 

(c) irradiating the laminate with radiation to form a rib precursor molded article 
composed of two white and black layers; 

(d) removing the mold from the glass base and the rib precursor molded article to 
transfer the rib precursor molded article to the glass base; and 

(e) sintering the rib precursor molded article to form a rib formed integrally on the 
glass base. 

2. The method of producing a rib for a plasma display panel substrate 
according to claim 1, wherein the glass base is a back panel, and the photosensitive paste 
in the step (a) is a photosensitive black glass-ceramic paste and the photosensitive paste 
in the step (b) is a photosensitive white glass-ceramic paste. 

3 . The method of producing a rib for a plasma display panel substrate 
according to claim 1 or 2, wherein the mold is pliable. 

4. The method of producing a rib for a plasma display panel substrate 
according to any one of claims 1 to 3, wherein the mold is transparent and the irradiation 
with radiation in the step (c) is conducted from both of the mold side and the glass base 
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5. The method of producing a rib for a plasma display panel substrate 
according to any one of claims 1 to 4, wherein the photosensitive black glass-ceramic 
paste and the photosensitive white glass-ceramic paste contain a glass component, a 
ceramic component and a binder component. 

6. The method of producing a rib for a plasma display panel substrate 
according to claim 5, wherein the photosensitive black glass-ceramic paste contains a 
white component selected from the group consisting of alumina, titania and low-melting 

■ 

glass filler and the photosensitive white glass-ceramic paste contains a black component 
selected from the group consisting of metal oxides of Ru, Mn, Ni, Cr, Fe, Co and Cu. 

7. The method of producing a rib for a plasma display panel substrate 
according to any one of claims 1 to 6, wherein the binder component is selected from the 
group consisting of bisphenol Adiglycidyl ether (meth)acrylic acid adduct, Epolite 1600 
acrylic acid adduct, Epolite 3002 acrylic acid adduct, ethylene glycol dimethacrylate, 
diethylene glycol dimethacrylate, triethylene glycol dimethacrylate and a mixture thereof. 

8. - The method of producing a rib for a plasma display panel substrate 
according to any one of claims 1 to 6, wherein the binder component is a silane coupling 
agent having a (meth)acrylic group. 

9. The method of producing a rib for a plasma display panel substrate • 
according to any one of claims 1 to 8, wherein the photosensitive black glass-ceramic 
paste and the photosensitive white glass-ceramic paste further contain an oxidizing 
catalyst. 

10. The method of producing a rib for a plasma display panel substrate 
according to claim 9, wherein the oxidizing catalyst is selected from the group consisting 



16 



9/27/2007, EAST Version: 2.1.0.14 



WO 01/95361 PCT/US01/18209 



of oxides, salts and complexes of chromium (Cr), manganese (Mn), iron (Fe), cobalt 
(Co), nickel (Ni), copper (Cu), zinc (Zn), indium (In), tin (Sn), ruthenium (Ru), rhodium 
(Rh), palladium (Pd), silver (Ag), iridium (Ir), platinum (Pt), gold (Au) and cerium (Ce). 
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(5 7) Abstract: 

PURPOSE: To provide a photosensitive paste 
containing a phosphor showing yellow body color 
as a powder material with which a pattern of high 
accuracy can be formed by photolithography. 
CONSTITUTION: The photosensitive paste 
consists of a photosensitive vehicle containing 
dispersant, hardening agent, photopolymn. 
initiator, and photopolymn. accelerator, and a 
phosphor showing yellow body color. The 
HMiotf' photopolymn. initiator consists of 2,4- 

° diethylthioxanthone (DETX) and 3,3,4,4-tetra- 

i 

(tri- butylperoxycarbonyl)benzophenone (BTTB). 
Enough hardening reaction is obtd. compared to a 
conventional example when the obtd. paste is 
exposed to UV rays in a photolithographic 
process, and an accurate and precise pattern can 
be formed. This is because the photosensitive 
paste has higher sensitivity by addition of BTTB. 
During exposure, DETX and BTTB cause a redox 

reaction, and further, triethanolamine forms charge transfer complex with each of DETX 

and BTTB and then causes hydrogen drawing reaction. 
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